Rationale: Following acute respiratory distress syndrome (ARDS), joblessness is common but poorly understood.
Survivors of acute respiratory distress syndrome (ARDS) frequently experience long-term physical, cognitive, and mental health impairments after discharge from the intensive care unit (ICU) (1) (2) (3) (4) (5) (6) (7) . Such impairments contribute to joblessness, with only half of ARDS survivors employed 1 year later (2, 8) , which can have an important economic impact on patients, families, employers, and society (9) .
To date, no study has performed a longitudinal evaluation of joblessness after ARDS, including evaluation of associated lost earnings and shifts in healthcare coverage. Such research is needed to help inform survivors and their families, identify at-risk populations, and tailor interventions to prevent joblessness after ARDS. In addition, these data are important to more completely understand the economic impact of ARDS. Hence, via a national, multicenter prospective study of ARDS survivors over 12-month follow-up, this research aimed to evaluate (1) employment status and joblessness after ARDS, (2) patient-and hospital-related factors associated with the timing of return to work, (3) estimated lost earnings, and (4) changes in healthcare coverage.
Methods Study Population
This evaluation was conducted as part of ALTOS (ARDS Network [ARDSNet] Long-Term Outcome Study), a national multicenter prospective study longitudinally evaluating survivors 6 and 12 months after ARDS. ALTOS participants were enrolled from four recent ARDSNet clinical trials evaluating ICU-based therapies for ARDS (10) (11) (12) (13) . Between 2006 and late 2014, patients were enrolled from 43 ARDSNet hospitals within 48 hours of ARDS onset and 72 hours of initiation of mechanical ventilation, and followed for 12 months thereafter. ARDSNet exclusion criteria have been described previously, and include preexisting severe malnutrition, lung, liver, or neuromuscular diseases; or limitations in life support at time of study eligibility (10) (11) (12) (13) . Participants were further excluded from longitudinal follow-up in ALTOS if they were younger than 18 years old, non-English speaking, homeless, or had potential cognitive impairment before admission (as per review of medical records or patient/proxy report). The study was approved by the institutional review boards at all participating hospitals. Informed consent was obtained from the patient or a proxy when the patient was incapable of consent.
Baseline Patient-and Critical Illness-related Exposure Variables
Baseline patient-related exposure variables included age, sex, race, body mass index, and preexisting comorbidity (specifically, diabetes mellitus, cardiovascular disease, chronic pulmonary disease, and alcohol misuse). Alcohol misuse was defined by zones 3 and 4 from the Alcohol Use Disorders Identification Test, indicating alcohol consumption exceeding recommended limits (14) . Hospital-related exposures were grouped into three categories. (1) baseline intensive care data: admission to a medical (vs. surgical) ICU, Acute Physiology and Chronic Health Evaluation (APACHE) III score, and ARDS risk factor of sepsis (vs. nonsepsis); (2) daily ICU data: organ failure status (maximum organ failure score, derived from the daily Brussels organ failure score for cardiovascular, pulmonary, coagulation, renal, and hepatic systems [15] ), and average daily Pa O 2 /FI O 2 ratio; and (3) other ICU data: duration of mechanical ventilation, ICU and hospital length of stay, and discharge location (home with unassisted breathing vs. other).
Measures of Employment and Return to Work
Data were collected at 6-and 12-month follow-up, via structured interviews using a self-report employment instrument that was similar to prior research (16) . Data collection included current employment status (e.g., full-time, parttime, unemployed, disabled, retired, or paid sick leave), type of residence, hours working per week, timing of return to work (reported as weeks to return to work after hospital discharge), perceived effectiveness at work (0-100% scale), and major change in occupation (defined as a change in U.S. Bureau of Labor Statistics occupational profile [www.bls.gov/oes/current/oes_stru. htm]). Employment status before ARDS was collected retrospectively during followup interview. Data were obtained from patients (94% of assessments) or from proxies when patients were unable to complete the interview (6%), via telephone (98%) or in-person or mail (2%).
Estimated Lost Earnings and Healthcare Coverage
Lost earnings, evaluated as a measure of lost work capacity, were estimated for all survivors who were employed before ARDS. In the primary analysis (described later) and post hoc sensitivity analyses (see later and the online supplement), estimated lost earnings after ARDS were defined as the difference between estimated and potential earnings. In the primary analysis, estimated earnings were calculated for each survivor using age-and sex-matched weekly wage data from the U.S. Bureau of Labor Statistics (www.bls.gov), as done in prior research (17 ORIGINAL ARTICLE number of hours working before hospitalization. All weekly wages were multiplied by 50 weeks to derive annual estimates. Patients reporting unemployment or disability status were assumed to incur lost earnings, whereas those who were retired or dead were assumed to incur no lost earnings. All earnings data were scaled to 2016 U.S. dollars using the U.S. consumer price index (www.bls.gov/cpi). In post hoc sensitivity analyses, different methods were used to calculate lost wages, including imputing wages based on sex and self-reported occupation; considering full-and part-time employment as 40 and 20 hours per week, respectively; and excluding survivors who were retired and/or greater than or equal to 65 years of age (see online supplement).
Healthcare coverage data were collected as part of the structured interviews at 6-and 12-month follow-up, with prehospitalization data collected during the follow-up interview. Healthcare coverage was categorized into private insurance, Medicaid, Medicare (which included dually eligible Medicare and Medicaid beneficiaries, for which Medicare is the primary payer [18] ), and no coverage. For patients younger than 65 years old surviving to 12-month follow-up and reporting healthcare coverage data, changes in healthcare coverage from prehospitalization to 12-month follow-up were computed using a multinomial logistic regression model with the main effect of time and a robust variance estimate for patient-level clustering of healthcare coverage status.
Quality of Life
Six and 12 months after ARDS, survivors' health-related quality of life status was evaluated using the EQ-5D and Medical Outcomes Study Short-Form 36 version 2.
Statistical Analysis
We used survival analysis methods to evaluate the primary outcome of the timing of return to work after hospital discharge among patients who were employed before ARDS. Before returning to work, patients may experience one of two competing risks: retirement or death. Patients who neither returned to work nor experienced either competing risk were censored at 52 weeks. With retirement and death treated as competing risks, the timing of returning to work was explored using cumulative incidence functions, including stratification by age and race (19) ; additionally, Fine and Gray regression models were used to evaluate the association of baseline patientand hospital-related exposure variables with return to work, with hazard ratios (HRs) ,1 indicating longer time to return to work (20) . Separate bivariable regression models evaluated the association of each exposure variable (individual independent variables) with the timing of return to work (dependent variable), and all exposure variables with a bivariable association of P , 0.20 were included in the multivariable regression model. Pairwise statistical interactions were assessed in the multivariable model for preselected demographic (age, sex, race, body mass index) and ICU (cardiovascular disease, diabetes, APACHE III score, hospital length of stay) variables. A significant statistical interaction was noted between age and race, and therefore included in the final multivariable model. Post hoc sensitivity analyses were performed to evaluate for potential effects of age-related changes in employment, and to evaluate a full multivariable model that included all exposure variables, rather than variable selection based on bivariable associations (see online supplement).
The linearity of each exposure variable was confirmed using locally weighted scatterplot smoothing (LOWESS) of Martingale residuals from the regression 
Results

Patient Characteristics and Employment Status
Among 922 survivors who consented for follow-up, 386 (42%) reported full-or parttime employment before ARDS ( Figure 1 ). These 386 enrolled and previouslyemployed survivors were 44% female, and 82% white, with a mean 6 SD age of 45 6 13 years and APACHE III score of 83 6 26 (Table 1) . Fourteen (4%) of these survivors were greater than or equal to 65 years old. A total of 299 (77%) had sepsis as an ARDS risk factor. These enrolled and previously employed survivors had a mean duration of mechanical ventilation of 11 6 10 days and hospital length of stay of 22 6 16 days. As compared with survivors who were not employed before ARDS, previously employed survivors were younger, predominantly male, and had fewer baseline comorbidities, with similar values across their ICU variables.
Return to Work after ARDS
Among previously employed surviving patients at 6-and 12-month follow-up, 189 of 386 (49%) and 166 of 379 (44%), respectively, were jobless ( Figure 1 ). Accounting for competing risks of death and retirement, half of enrolled and previously employed survivors returned to work by 13 weeks after hospital discharge, with 68% ever returning by 12 months. When stratified by age (at the median, 48 yr) and race (nonwhite vs. white), the 12-month cumulative incidence of returning to work was 76% and 32% among nonwhite survivors less than 48 and greater than or equal to 48 years old, respectively, and 79% and 64% for white survivors less than 48 and greater than or equal to 48 years old (Figure 2 ). Among the 257 eligible and previously employed survivors ever returning to work, 111 (43%) never returned to their previous hours worked, 69 (27%) reported reduced effectiveness at work (mean 6 SD self-reported effectiveness score, 77% 6 22%), and 62 (24%) subsequently lost their jobs during 12-month follow-up. Finally, of these 257 survivors, 62 of 215 (29%) previously full-time workers and 17 of 42 (40%) previously part-time workers experienced a major occupation change. Those surviving workers with versus without a major occupation change worked (9) 30 (8) 30 (7) 31 (8) 32 (7) 33 (9) Cardiovascular disease, n (%) ‡
(52)
148 (38) 88 (34) 45 (43) 9 (64) 6 (60) Diabetes, n (%)
127 (29) 67 (17) 35 (14) 27 (26) 1 (7) 4 (40) Chronic pulmonary disease, n (%) ‡ 72 (16) 28 (7) 17 (7) 8 (8) 1 (7) 2 (20) Alcohol misuse, n (%) ‡ 78 (20) 81 (23) 53 (22) 23 (23) Among the 166 survivors who were jobless 12 months after ARDS, 72 (43%) were unemployed, 76 (46%) receiving disability, three (2%) on paid sick leave, and 15 (9%) retired. Most of these survivors (98%) were living at home, whereas three (2%) were hospitalized and one (1%) at a nursing home. Of 72 unemployed survivors, 41 (57%) were unable to work because of other health-related issues, whereas 16 (22%) were actively looking for work, five (7%) laid-off, six (8%) in school, two (3%) were in a healthcare facility, and two (3%) homemakers.
In the multivariable Fine and Gray regression model, longer hospital length of stay was associated with longer time to return to work (HR, 0.81 per week; 95% confidence interval [CI], 0.74-0.88; P , 0.001) ( Table 2 ). Older nonwhite survivors also were estimated to have a longer time to return to work (HR, 0.68 per 10-yr increase; 95% CI, 0.54-0.84; P = 0.001), whereas among white survivors, age was not significantly associated with return to work (HR, 0.91; 95% CI, 0.81-1.02; P = 0.114). In all post hoc sensitivity analyses, there were no important differences in results (see Tables E1-E3 in the online supplement).
Estimated Lost Earnings after ARDS
Over 12-month follow-up, 274 (71%) of nonretired survivors accrued lost earnings, totaling an estimated $7,384,062 and averaging $26,949 6 22,447, representing 60% of their estimated pre-ARDS annual income ($44,784) ( Table 3) . When averaged across all previously employed ARDS survivors (n = 386), mean estimated lost earnings totaled $19,130 6 22,522. All post hoc sensitivity analyses demonstrated results similar to the primary analysis (see online supplement).
Healthcare Coverage after ARDS
Among survivors who were unemployed or disabled, there was a marked decline in private health insurance (44% to 30%; difference = 214%; 95% CI, 222% to 25%; P = 0.002) and a concomitant rise in Medicare and Medicaid (33% to 49%; difference = 16%; 95% CI, 7-24%; P , 0.001) coverage, with little change in those with no healthcare coverage (23% to 21%; difference = 22%; 95% CI, 210% to 7%; P = 0.67) (Figure 3) . Conversely, previously employed survivors who were working exhibited little change from pre-ARDS baseline in private health insurance (78% to 79%; difference = 1%; 95% CI, 23% to 6%; P = 0.59), Medicare and Medicaid (10% to 12%; difference = 2%; 95% CI, 23% to 7%; P = 0.41), and no coverage (12% to 9%; difference = 23%; 95% CI, 28% to 1%; P = 0.16).
Quality of Life
Survivors who never versus ever returned to work by 6-or 12-month follow-up consistently reported worse health-related quality of life (see Table E4 ).
Discussion
In this multicenter, prospective longitudinal study of 386 ARDS survivors employed before hospitalization, nearly one-half were jobless at 12-month follow-up, and among those who returned to work, one-fourth became jobless during the follow-up period. Older, nonwhite survivors, and those experiencing longer hospitalization, experienced significantly greater delays in return to work. In addition, 71% of previously employed, nonretired survivors incurred lost earnings, averaging nearly $27,000 in lost earnings over 12 months, representing nearly two-thirds of their pre-ARDS annual income. Moreover, jobless, nonretired survivors experienced a marked shift from private to government-funded healthcare coverage.
In our multicenter national study, 42% (386 of 922) of survivors were employed before hospitalization, similar to a prior single-center U.S. ARDS study (54%) (22) and consistent with the 23-58% employment rates reported in other U.S. ICU survivor studies (23) (24) (25) (26) (27) (28) . We found that 68% of enrolled, previously employed, and nonretired survivors returned to work within 12 months of ARDS, which was higher than the 48-56% reported in two smaller (n = 82 and n = 27) single-center North American ARDS studies (2, 8) and the 49-58% reported in international studies (n = 67-363) involving ICU survivors without ARDS (28) (29) (30) (31) . These differences may be due to a national, multicenter design; a relatively young mean age (49 yr old); and patient recruitment as part of trials with multiple exclusion criteria.
Notably, of the ARDS survivors who returned to work (n = 257), 43% (n = 111) never returned to their previous hours worked, 31% (n = 79) experienced a major occupation change, 27% (n = 69) reported reduced effectiveness at work, and 24% (n = 62) subsequently lost their jobs, demonstrating that return to work after ARDS may fall short of previous levels or be short-lived. Among previously employed survivors not returning to work during 12-month follow-up, 58% were receiving disability, suggesting functional impairments as a contributor to unemployment. Prior post-ARDS research has suggested that impairments in memory and attention may contribute to delayed return to work (32) , with survivors also reporting that fatigue and weakness (1) contributed to joblessness. In addition, depressive symptoms have been associated with unemployment 2 years after ARDS (33) . Conversely, a recent study demonstrated no independent association of cognitive and physical function with 12-month post-ICU employment status in critical illness survivors (28) . Notably, we found that survivors who never returned to work by 6 and 12 months reported worse quality of life, although the directionality of this cross-sectional association is unknown. Additional longitudinal studies are needed to explore the associations of post-ICU impairments with return to work and impact on quality of life. In addition, we demonstrated that white patients of different ages had similar timing of return to work, whereas older (vs. younger) nonwhite patients experienced longer delays in returning to work. The reason for this racial difference is unclear, but may be caused by differences in type of work (i.e., office vs. manual work), socioeconomic status, and/or access to rehabilitation services. In addition, longer hospital length of stay was associated with delayed return to work, regardless of age and race, potentially because of worse physical impairments occurring with longer hospitalization (7, 34) . Future studies should evaluate the efficacy and costeffectiveness of targeting occupational rehabilitation interventions toward these at-risk patient groups to reduce delays in returning to work after ARDS.
To our knowledge, this analysis was the first to evaluate lost earnings and changes in healthcare coverage after ARDS. We demonstrated that 71% of nonretired survivors accrued lost earnings over 12-month followup, averaging $26,949, representing nearly two-thirds of estimated pre-ARDS annual earnings. These lost earnings totals were substantial, and comparable with traumatic brain injury and stroke (35, 36) . In addition, over 12 months, jobless, nonretired survivors experienced a substantial decline in private insurance and rise in government-funded healthcare coverage, an important finding given the substantial healthcare utilization of ARDS survivors (37, 38) .
Strengths of this study include its national, multicenter longitudinal design; relatively large sample size; high participant retention rate (.94%); and evaluation of patient-and hospital-related risk factors, estimated lost earnings, and shifts in healthcare coverage. However, this study has potential limitations. First, similar to most studies in the field (39), employment status was determined via self-report. However, sensitivity analyses did not materially change the primary results; nonetheless, the true magnitude of any measurement error if not known. Second, lost earnings were calculated based on estimated, rather than actual, earnings. However, our analysis was conducted using a national ARDS survivor cohort, estimating lost earnings using age-and sex-matched Bureau of Labor Statistics data. Hence, these results may be more nationally representative, thus enhancing generalizability. In addition, Definition of abbreviations: APACHE III = Acute Physiology and Chronic Health Evaluation III; ARDS = acute respiratory distress syndrome; BMI = body mass index; CI = confidence interval; ICU = intensive care unit. *Calculated using Fine and Gray regression models, with hazard ratios ,1 indicating a longer time to return to work. Variables with bivariable P , 0.20 were included in the multivariable model. Ventilator duration and ICU length of stay were collinear with hospital length of stay and were excluded from the final multivariable model. All significant associations (P , 0.05) in multivariable models are highlighted in bold. The overall model Wald test was P , 0.001. In this model, 344 of 386 (89%) previously employed survivors were included; 29 (8%) had missing timing of return to work data and 13 (3%) had missing data among included covariates. There were no important differences in baseline or intensive care variables when comparing individuals included versus not included in the multivariable model. † Assessed using an interaction term for age and race (white vs. nonwhite) in the multivariable model.
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because we focused on earnings as a measure of lost work capacity, our calculation did not account for disability benefits and other sources of disposable income (i.e., personal or retirement savings), which may have offset the financial hardship created by lost earnings (40) . Moreover, we did not consider lost earnings while patients were hospitalized, lost earnings accrued by informal caregivers, costs of ongoing medical care, and other economic and noneconomic issues associated with patient and informal caregiver joblessness (41) . Third, there may be other important variables, not included in this study, which may be associated with joblessness after ARDS, including baseline physical and cognitive function and potential ICUrelated variables (e.g., delirium), along with expected declines in employment potential with age. However, a sensitivity analysis adjusting for advancing age did not change our overall results, and in a recent study, neither baseline neurocognitive function nor delirium in the ICU was associated with 12-month employment status (28) . Further studies are needed to evaluate the association of postdischarge factors and post-ARDS employment. Fourth, our study population included relatively young ARDS survivors and findings may not generalize to all ICU populations. However, enrollment from 43 sites and comparability of results with prior literature help support Survivors who worked but were subsequently unemployed, disabled, or retired at the time of follow-up were assumed to accrue earnings during that period. Among 6-and 12-month survivors who were unemployed (n = 103 and 72, respectively), disabled (n = 56 and 76), and retired (n = 14 and 15), 18 (17%) and 27 (38%), three (5%) and one (1%), and one (7%) and two (13%) accrued earnings over the prior 6 months. Survivors who had retired, had unknown employment status, or died at each time point were assumed to have zero potential earnings and therefore zero lost earnings.
x Death during 0-to-6-month follow-up period is not applicable because survival until 6 months was required for inclusion in the study cohort. jj Includes only survivors who accrued lost earnings. At 6-and 12-month follow-up, 6 (five unemployed and one disabled) and 11 (all unemployed) survivors, respectively, reported work during the preceding 6-month period that was the same or greater than hours worked before ARDS, and were therefore assumed to accrue $0 lost earnings. generalizability. Finally, as an observational cohort study, we could not assess the causality of ARDS with joblessness.
In conclusion, in this multicenter longitudinal study, we found that nearly one-half of previously employed survivors were jobless at 12-month post-ARDS follow-up, with older, nonwhite survivors and those with a longer hospital stay having a greater risk of delayed return to work. Jobless, nonretired survivors also accrued substantial lost earnings, amounting to twothirds of their pre-ARDS earnings, and experienced a substantial decline in private healthcare coverage and rise in Medicare and Medicaid. These findings highlight the major economic consequences of joblessness after ARDS and identify at-risk groups for future evaluation of occupational rehabilitation interventions. n Author disclosures are available with the text of this article at www.atsjournals.org.
